Abstract
The N629D HERG mutation [9, 10] is of particular interest along with a loss of outward K current during late as it alters the pore selectivity signature sequence GFGN to repolarization likely contributes to the prolonged QT GFGD. Action potential clamp studies have examined the interval in patients with the N629D mutation. A loss of physiologic relevance of this mutation [9] . The important inward rectification results in a larger potassium current consequence of the N629D mutation is a loss of selectivity early during the action potential, but this is of little for K over Na , resulting in a shift in the reversal physiologic consequence, due to the redundancy of K potential from approximately 290 to 250 mV and a loss of channel currents during the early phases of the action the property of inward rectification. A shift in the reversal potential. ty to TEA [12] [13] [14] . From this data, we hypothesized that 7.2 adjusted with NaOH. Niflumic acid was included (0.15 1 changes in occupancy of K for sites near the selectivity mmol / l) to block chloride currents. Glass microelectrodes filter could alter the conformation of the external vestibule were filled with 3 M KCl with tip resistances of 1.0-1.5 of the N629D/ wildtype (WT) channel normalizing potas-MV. Oocytes were clamped with a Geneclamp 500 sium selectivity. Accordingly, the specific objectives of amplifier and voltage clamp protocols were generated with this study were to assess the effects of exposure of the pClamp software (Axon Instruments), Currents were sampled at a rate of 2 kHz and filtered at 1 Herein, we report a change in the properties of N629D/ kHz using a 4-pole Bessel filter. The oocyte membrane WT channels probably resulting from a conformational was held at 280 mV between pulses. The interpulse change that occurs with transient exposure to increases in interval was 30 s. The current-voltage relationships for the time-depensolution (in mM: 96 NaCl, 2 KCl,1 MgCl , 1.8 CaCl , and dent currents were studied by applying voltage clamp steps 2 2 5 HEPES, pH 7.4) supplemented with 10 mg / ml genfrom a holding potential of 280 mV to different depolariztamycin sulfate.
ing levels. Each outward current was elicited by a 4-s depolarizing pulse to potentials of 270 to 130 mV in 2 .2. Heterologous expression 10-mV steps. To assess kinetics of deactivation and to assess reversal potential, a double pulse protocol was HERG1 A in a pSP64 was obtained from M.T. Keating followed. The first pulse was introduced from a holding [1] . Site-directed mutagenesis was carried out by overlap potential of 280 mV to a potential of 120 mV for 1.6 s, extension using the polymerase chain reaction [15] . WT followed by a second 10-s pulse to a variety of test and mutant N629D were transcribed in vitro from the SP6 potentials ranging from 230 to 2120 mV to elicit tail promoter. The RNA transcripts were injected into Xenopus currents. To assess the reversal potential, current-voltage oocytes and the expressed currents were analysed after 1-3 relationships of the tail currents were plotted. The point at days using two-microelectrode voltage clamp techniques.
which the current-voltage relationship crossed the x-axis Since the long QT syndrome is manifested in individuals (at zero potential) was considered the reversal potential. o rectification which are features characteristic of WT Since WT and N629D were co-expressed, the formation of tetramers likely follows a binomial distribution. Indeed, Fig. 1 shows typical control N629D/ WT currents exa small proportion of the channels formed during copressed in Xenopus oocytes before (panel A) and after expression must be homomultimeric WT and N629D. To would also change the conformation of these sites within 4 .1. Potential physiologic relevance the S6 domain. Fig. 8 shows the extent of block of tail-currents in N629D/ WT expressed in Xenopus oocytes
The dominant in vitro phenotype of N629D/ WT is the before (control) and after transient exposure to elevated loss of the outward repolarizing current during phase 3 the inactivated state and thus manifest inward rectification. Similarly, Gomez-Lagunas et al. [21] reported that the permeant ion is a determinant of recovery from N-type
having K at all of the binding sites mediates the changes inactivation in the Shaker B K channel. In their study, the in folding. The altered folding also modulates sensitivity of rapid phase of recovery from inactivation is enhanced by [18] . Zhou et al. [19] have reported that the of binding sites in the external vestibule of the Kv2.1 carbonyl oxygen atoms within the selectivity signature channel change the affinity for its blocker, TEA [12] [13] [14] . sequence of KcSA crystal form an antiprism around each Similarly, in this study, we report that transient exposure Evidence that Na and K ion compete for binding sites near the selectivity filter in the N629D/ WT channel This in vitro experimental finding is in keeping with the (2) transiently increasing [K ] has no effect when serum potassium in patients with HERG LQTS mutations. o 1 extracellular Na had been replaced with NMG . These
The present study provides the molecular characterization o data are in keeping with those of Luzhkov et al. [20] who of the mechanism for the correction of the phenotype in 1 reported that Na occupancy, at even one of the binding one specific HERG LQTS mutation. as is observed herein with N629D/ WT. inward depolarizing Na current during phase 3 with an
